Vulnerability assessments can play a vital role in designing appropriate adaptation and mitigation policies targeted towards climate change and its impacts on ecosystems, and those who depend upon these resources for their livelihoods. This paper assesses climate change in Karnataka, the agriculture and livelihoods contexts of vulnerability. Karnataka state has the second largest area under rainfed agriculture in India and several studies have shown that climate change is happening in the state. Agriculture sector is vulnerable to climate variability and change across its three regions: coastal, hilly and plains.
Introduction
Vulnerability to natural hazards varies widely across communities, sectors and regions. Socio-economic vulnerability is determined by the internal structure of any social system that decides sensitivity of societies and communities to the incidence of hazards. Internal structure also helps to cope with damages from external shocks. It poses an important research question as to why there are different levels of vulnerability within a particular society, even in the context of similar hazards. Food and agriculture must be central to global efforts to adapt to climate change, through policies and actions that address vulnerabilities and risks and promote agricultural systems that are resilient and sustainable (FAO, 2016) . This action must begin now -with the increasing intensity of climate change impacts, building resilience will become ever more difficult.
Vulnerability
A growing body of literature over the past two decades has identified climate change as the prime issue to global environmental degradation, and has analyzed the associated vulnerability and biodiversity loss (IPCC, 2007) . According to Fussel (2007) , climate related vulnerability assessments are based on the characteristics of vulnerable system spanning over physical, economic and social factors. The Intergovernmental Panel on Climate Change (IPCC), in its Second Assessment Report (IPCC, 1996) , defines vulnerability as "the extent to which climate change may damage or harm a system." In addition, social scientists tend to view vulnerability as representing the set of socio-economic factors that determine people's ability to cope with stress or change (Allen, 2003) while climate scientists often view vulnerability in terms of the likelihood of occurrence and impacts of weather and climate related events (Nicholls et al., 1999) .
IPCC defines vulnerability in terms of systems as "the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability and extremes" (IPCC, 2007) . Vulnerability is a function of the character, magnitude and rate of climate variation to which a system is exposed, its sensitivity and its adaptive capacity (IPCC, 2007) .
It is well understood that poor people in the poorest countries are the most vulnerable to the impacts of anthropogenic climate change (Stern et al., 2006) . Any increases in climate extremes will exacerbate the vulnerability of all food-insecure people, including smallholders (Porter et al., 2014) . Vulnerability assessments can play a vital role in the design of appropriate adaptation and mitigation policies targeted towards climate change and its impacts on ecosystems, and those who depend upon these resources for their livelihoods and well-being. Enhancement of adaptive capacity is necessary for reducing vulnerability to climate changes encountered in the frequency and intensity of extreme events, like floods and droughts which have deep impact on agriculture and livelihood (Sehgal et al., 2013) .
People who live in arid or semi-arid regions, in low-lying coastal areas, in water limited or flood-prone areas, or on small islands are particularly vulnerable to climate change (Watson et al., 1996) . It is clear that climate change will, in many parts of the world, adversely affect socio-economic sectors, including water resources, agriculture, forestry, fisheries and human settlements, ecological systems and human health with developing countries being the most vulnerable. On the other hand, developing countries have lesser capacity to adapt and more vulnerable (IPCC, 2001) . There is an increasing need to develop indicators of vulnerability and of adaptive capacity both to determine the robustness of response strategies over time and to understand better the underlying processes (Adger et al., 2004) . Vulnerability of socio-economic and agriculture sectors in Karnataka was earlier attempted . In Karnataka, agricultural farmers and agricultural labourers form 56% of the total workforce (Government of Karnataka, 2005) and this is considered as one of the driving forces in determining the socio-economic vulnerabilities of communities in Karnataka.
Objectives, Data and Methods
The key objectives of this assessment are: (a) to assess the climate change in Karnataka, (b) to assess vulnerability of agricultural sector across the districts of Karnataka; and (c) 2008-09, 2009-10 and 2010-11 . Monthly rainfall data for the period 1956 to 2015 was used to assess the district-wise changes in seasonal and annual rainfall. To understand the agricultural and livelihoods profile, the study analyses important indicators across the districts of Karnataka. This has been done by consultation with experts and based on previous studies (Table 1) . (Hiremath and Shiyani, 2013) Density of population, literacy rate, cropping intensity, irrigation, forest area, food crop, non-food crop, net sown areas, livestock population, main workers, cultivators, marginal workers, non-workers.
Density of population, literacy rate, cropping intensity, irrigation, net sown areas, livestock population, non-workers A simple human vulnerability index to climate change hazards for Pakistan (Khan and Salman, 2012) .
Density of population, literacy, sanitation, electricity, livestock Density of population, literacy, livestock population Environmental benefits and vulnerability reduction through Mahatma Gandhi National Rural Employment Guarantee Scheme (IISc, 2013) Groundwater depth, cropping intensity, irrigation intensity, net area irrigated, number of days of irrigation water availability, area under food grain production, crop yields, livestock population, soil organic carbon and soil erosion, migration, wage rates, percentage change in the number of days of employment, livestock population.
Cropping intensity, irrigation, livestock population Climate change impact on livelihood, vulnerability and coping mechanisms: A case study of West Arid Zone, Ethiopia (Senbeta, 2009 (ICRISAT, 2009) Cropping intensity, irrigation area, total food grains (tons) net sown area, literacy rate, density of population, livestock, population, total food crops area, total no food crops area, life expectancy Cropping intensity, irrigation area, net sown area, literacy rate, density of population, livestock population Vulnerability to climate change is a comprehensive process affected by a large number of indicators. However, it is not possible to consider all the available indicators, so only the most significant and representative indicators relevant to Karnataka state were selected in the development of vulnerability indices. Indicators considered in this study are:
 Agricultural indicators: Net sown area (3 years average), cropping intensity, area under commercial crops to the total cropped area (TCA), percentage irrigated area to TCA (3 years average), number of tractors/1000 hectare area sown, total fallow land (3 years average) and agricultural credit cooperative societies/lakh population. District-wise changes in agricultural and livelihood indicators were shown in graphs; district Abbreviations (Note 2) were used for district names in these graphs.
Climate Change in Karnataka
Karnataka state has three principal geographical zones: (1) the coastal region; (2) the hilly region known as Malnad; and (3) the Bayaluseeme region comprising the plains of Deccan plateau. Meteorologically the state is divided into coastal Karnataka, north interior Karnataka and south interior Karnataka. According to the Government of Karnataka, the state comprises of ten agroclimatic zones (Note 3) based on rainfall amount and distribution, soil type, texture, depth and physio-chemical properties, elevation, topography, major crops and type of vegetation.
In Karnataka, the southwest monsoon rainfall is likely to be more uncertain with both increasing and decreasing trends in different parts of the state.Increase in temperature and decline in rainfall were noticed over different regions of the state. During the period 1950-1990, average rise in annual temperature was 1.3°C in Karnataka (Rajegowda, 1992) . Venkatesh et al. (2008) observed increased temperatures in November and December, which indicated availability of higher thermal energy for better vegetative growth during November while there was greater thermal stress during flowering period in December for post-rainy season sorghum crop.
Mean annual rainfall of Karnataka for the period from 1901 to 2000 indicated a definite declining trend (Panduranga et al., 2006) . Time series of the annual rainfall of Karnataka show a cycle of sixteen years in which the first half of the cycle received less than the normal rainfall for the period from 1950 to 1958 and the second half of the cycle received more than normal for the period from 1959 to 1964. Devappa and Khageshan (2011) reported a decreasing trend in the annual rainfall at 3.44 mm per year for Kalaburagi district in Karnataka, based on data for 1961-2008. Rajegowda et al. (2000) have shown that there is a predominant shift in the initiation and termination of rainfall in the Eastern Dry agroclimatic zone to supply adequate moisture for crop growing period. This shift has been observed after 1990 and their mean monthly values also have changed. Singh et al. (2014) reported that during the period of 1971-2005, Coastal Karnataka districts showed decreasing precipitation trend with an average rainfall of >25 mm per day.
Climate change analysis of Karnataka using gridded climate data of 113 years indicated that areas under semi-arid and perhumid climates have increased by about 3,34,000 and 3,16,000 ha respectively (Kesava in the period 1991-2013 compared to the period 1901-90. Dry subhumid area increased by about 1,20,000 ha while humid area reduced by about 1,61,000 ha.
While assessing climate change, it is an accepted method to find deviations from a base period. As per the WMO guidelines, 30-year continuous data is required to compute climatic normals. As district-wise rainfall of Karnataka is available up to the year 2015, in the present study, the immediate past 30-year period 1986-2015 is considered as the period 2 and the 30-year period 1956-1985 was considered as base period or period 1.
Figure 1. Annual rainfall changes in Karnataka
Average monthly rainfall for all the 30 districts for both the periods 1 and 2 was computed and the differences worked out and Table 2 shows changes in seasonal rainfall. Annual rainfall changes are shown in Figure 1 . 
Droughts in Karnataka
Drought is a climatic anomaly, characterized by deficient supply of moisture resulting either from sub-normal rainfall, erratic rainfall distribution, higher water need or a combination of all the three factors. As per the India Meteorological Department (IMD), meteorological drought over an area is defined as a situation when the monthly / seasonal rainfall received over the area is less than 75% of its long term average value. It is further classified as "moderate drought" if the rainfall deficit is between 26-50% and "severe drought" when the deficit exceeds 50% of the normal.
Monthly rainfall data of the three IMD Sub-divisions in Karnataka was collected from the Indian Institute of Tropical Meteorology, Pune for the period 1961-2016 (56 years) and occurrence of meteorological droughts in Kharif season (Jun-Oct) by taking month as a unit was assessed. Results show that drought occurrence is increasing in the North Interior Karnataka (Figure 2) . 
Approach to Vulnerability Assessment
Vulnerability is often reflected in the state of the economic system as well as the socio-economic features of the population living in that system. It is attempted to build a picture of the socio-economic context of vulnerability by focusing on indicators that measure both the state of development of the people as well as its capacity to progress further. In addition, vulnerability index for all districts of Karnataka is constructed and based on the index; districts are ranked in terms of their performance (Table 3 ). The index attempts to capture the comprehensive scale of vulnerability by considering some of the key indicators (that serve as proxies) for the assessment (Table 4 ).
There is consensus among researchers to address vulnerability issues at the regional level (Hiremath and Shiyani, 2013) . Adopting the definition of vulnerability given by IPCC, Rama have assessed vulnerability for 572 rural districts of India. Thirty eight indicators reflecting sensitivity, adaptive capacity and exposure were chosen to construct the composite vulnerability index. The analysis showed that districts with higher levels of vulnerability are located in the western and peninsular India. In this paper, districts were taken as units for developing vulnerability indices and important indicators were selected for vulnerability assessment. These indicators have been selected based on consultation with experts, and studies reported (Hiremath and Shiyani, 2013 , Khan and Salman, 2012 , Swain and Swain, 2011 , ICRISAT, 2009 . After the selection of indicators, data pertinent to the selected indicators were compiled (Table 4) . Further, a Principle Component Analysis (PCA) was conducted to identify variability among the selected variables and vulnerability indices were developed. Higher cropping intensity means that a higher portion of the net area is being cropped more than once during one agricultural year. Higher cropping intensity, greater is the efficiency of land use 
Principal Component Analysis (PCA)
A PCA was conducted to identify the variability among selected variables (indicators) for this study. PCA is a data reduction methodology that identifies smaller number of components that explains most of the variance observed in the larger data set. The goal is to arrive at a minimum number of components that will adequately account for the covariation among the larger number of analysis variables. PCA is a tool that converts a number of potentially correlated variables into a set of uncorrelated variables that capture the variability in the underlying data. It is a statistical method that thus transforms a given data set to a smaller number of uncorrelated variables called principal components (PCs). The first PC accounts for a large share of variability in the data, and each succeeding component accounts for as much of the remaining variability as possible. PCA approach provides several potential advantages in the aggregation of spatially explicit, potentially incommensurable variables. When the original variables are correlated then the higher order PCs will capture more of the total variability in the data than any individual original variable. Excluding the lower order PCs reduces the dimensionality (number of variables) of the data while Weighting minimising the loss of information (Smith, 2002) . PCA thus helps reduce from a large number of individual indicators to a small number of composite, unit-less indices (PCs) while reducing the trade-off between richness of information and communicability (see Table 5 and 6).
PCA helped with generation of the weights, based on the assumption that there are common factors that explain the variance in the vulnerability. Varimax rotation was performed on the results of the PCA to maximise the variance accounted by the first component. Only components with Eigen values >1 were included in the analysis. Based on Statistical Packages for Social Sciences output, the findings of the study for the agriculture and socio-economic based classification on vulnerability indicators revealed three components, each with Eigen values greater than 1 (Tables 5 and 6 ). These two PCA results explain 72% and 67% of the total variation in the two data sets. There is subjectivity in assigning weights to indicators in vulnerability assessments. In order to overcome this problem, we employed the PCA technique through which we reduced the number of variables and also obtained weights (Eigen values) for the PCs. In the present study, weights are not therefore arbitrarily assigned but determined endogenously from the data matrix. The weights of the PCs are the corresponding Eigen values (Figures 4 and 5) . Bangalore (U) is not included in the construction of vulnerability index. This is due to the fact that Bangalore (U) is the capital city of Karnataka and since last one decade, agricultural activities have been reduced rapidly. It was observed that in some districts of Western Ghats region, agricultural indicators are performing very poor and also affecting index values of other districts while constructing vulnerability index. Therefore, Bangalore (U), Uttara Kannada, Dakshina Kannada and Udupi districts were considered as outlier districts and excluded from agricultural vulnerability index analysis. 
Agricultural Vulnerability Index for the Districts of Karnataka
In the present study, seven indicators were considered for the development of agricultural vulnerability index (Table  4) . Based on PCA, agricultural vulnerability index values for all the districts of Karnataka are analyzed. Rank 1 indicates maximum vulnerability and the vulnerability decreases with increasing rank. Figures 6 and 7 depict the agricultural and livelihood vulnerability of the districts of Karnataka. Areas in red are the most vulnerable districts and those in green are the least vulnerable districts of Karnataka. Table 9 gives the details of significance of variables that explain variation in each component. The rotated factor analysis generated three components which account for approximately 72% of the total cumulative variance in agricultural vulnerability (Table 7 ). 
Livelihoods Vulnerability Index for the Districts of Karnataka
For development of the socio-economic vulnerability index, ten important indicators described in Table 8 were considered. As agriculture is a dominant livelihood activity, a few agricultural indicators have also been included in the development of this index.
Rank 1 indicates maximum vulnerable district and vulnerability decreases with increasing rank. PCA shows that Yadgir, Chitradurga, Raichur, Chamarajanagara and Chikkaballapura are the top five socio-economically vulnerable districts. Bengaluru Urban, Dakshina Kannada, Udupi, Dharwad and Uttara Kannada are the least socio-economically vulnerable districts of Karnataka. Figure 7 depicts the socio-economically vulnerable districts of Karnataka, with red and green coloured areas representing most and least vulnerable districts, respectively. The rotated factor analysis generated 3 components which account for approximately 67% of the total cumulative variance in socio-economic and livelihood vulnerability (Table 8 ).
 Factor 1 that accounts for the largest variance (about 31%) includes population density, percentage of literacy rate, livestock unit/lakh population and per capita income.

In component 2, 20% variation is explained by 3 variables, namely, percentage of SC and ST population, percentage of marginal land holders and total area under fruit crops.
In factor 3, 16% of variation is explained by 3 variables, namely, percentage of non-workers, cropping intensity and percentage of irrigated area. Two vulnerability indices were developed at the district level of Karnataka state, i.e., agricultural vulnerability index and socio-economic vulnerability index, for all the 30 districts of Karnataka. In order to derive these indices, a PCA was run on a data set of ten carefully selected indicator variables to represent socio-economic vulnerability and seven indicators for agricultural vulnerability across the districts of Karnataka. The PCA generated three components for each index that broadly represented the underlying themes of agriculture and socio-economic vulnerability present in the larger data set. The findings suggest: The result of agricultural vulnerability index suggests indicators like cropping intensity, gross area irrigated and commercial crop area are the major drivers in determining the vulnerability of districts. The livelihood vulnerability index analysis suggests Yadgir, Chitradurga, Raichur, Chamarajanagara and Chikkaballapura are the most vulnerable districts in Karnataka. The livelihood index depicts indicators like per capita income, population density, percentage of literacy rate and livestock units / lakh population, which are the major drivers and contribute to the overall livelihood vulnerability of districts.
